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Synopsis




SYNOPSIS
	The thesis entitled “Studies in Chiral Discrimination and Organic Synthesis Involving Cyclodextrins and Their Derivatives” has been divided into four chapters. Chapter-I deals with the brief introduction to chiral discrimination and organic synthesis involving cyclodextrins. Chapter-II summarizes chiral discrimination studies with cyclodextrin derivatives and is divided into three sections. Section-A describes the chiral recognition of Zolmitriptan by modified cyclodextrins, Section-B deals with the chiral discrimination of Tolterodine tartrate using modified cyclodextrins and Section-C describes the modified cyclodextrins as enantioselective hosts for amino acids. Chapter-III has been divided into two sections Section-A summarizes the supramolecular catalyzed synthesis of 3-indolyl-3-hydroxy oxindoles under neutral conditions in water and Section-B deals with Friedel-Crafts alkylation of indoles with nitroolefins in the presence of β-cyclodextrin in water under neutral conditions.  Chapter-IV has been divided into three sections Section-A deals with the aqueous phase synthesis of Cbz-protected amines and amino acids in the presence of -cyclodextrin, Section-B describes the synthesis of thiazoles and aminothiazoles from -keto tosylates under supramolecular catalysis in the presence of β-cyclodextrin in water and Section-C summarizes the regioselective ring opening of oxiranes to halohydrins with tetrabutylammonium halide in water in the presence of -cyclodextrin. 









CHAPTER-I: INTRODUCTION TO CHIRAL DISCRIMINATION AND ORGANIC SYNTHESIS INVOLVING CYCLODEXTRINS AND THEIR DERIVATIVES

The discrimination of chiral compounds has been of great interest because majority of bioorganic molecules are chiral. Living organisms, for example, are composed of chiral biomolecules such as amino acids, sugars, proteins and nucleic acids. In nature these biomolecules exist in only one of the two possible enantiomeric forms, e.g., amino acids in the L-form and sugars in the D-form. Because of chirality, living organisms show different biological responses to one of a pair of enantiomers in drugs, pesticides or waste compounds, etc. Chirality is a major concern in the modern pharmaceutical industry. This interest can be attributed largely to a heightened awareness that enantiomers of a racemic drug may have different pharmacological activities, as well as different pharmacokinetic and pharmacodynamic effects. The body being amazingly chiral selective, will interact with each racemic drug differently and metabolize each enantiomer by a separate pathway to produce different pharmacological activity. Thus, one isomer may produce the desired therapeutic activities, while the other may be inactive or, in worst cases, produce unwanted effects.

Enantioselective sensors based on chiral recognition of enantiomers by cyclodextrins as artificial receptors is one of the frontier areas of supramolecular chemistry. For the study of chiral discrimination, sensor based analysis provides real time analysis, low cost of instrumentation, amenability to automation without any expensive reagents and virtually no waste. The promising class of chiral sensors is derived from cyclodextrins containing appended moieties. Cyclodextrins, which are cyclic oligosaccharides, having hydrophobic cavities bind substrates selectively. Binding of a chiral guest molecule inside the chiral cavity of these cyclodextrin derivatives can generate enantioselective responses. Cyclodextrins are chiral in nature, soluble in water, eco-friendly, non hazardous and metabolically safe. These attractive features of cyclodextrins made them as potentially important chiral sensors for chiral discrimination.

Each CD exists as a single enantiomer, and interaction with a racemic guest may lead to the formation of diastereoisomeric complexes of different thermodynamic stability. The CDs may discriminate the enantiomers of the same guest. However, one can expect an increased chiral discrimination by modification of one of the OH groups of the CDs. Such a modification may induce substantial changes in the asymmetry of the CD resulting in additional and more specific interactions between the chiral area of the guest and the asymmetry of the host by restricting the geometry of binding leading to greater enantioselectivity. Interaction between host and guest also provide the signal, which can be observed and can be quantified. Among the various options, fluorescence is the most attractive because of its sensitivity and a variety of signaling modes.

Mimicking enzymes in their capability to bind substrates selectively and catalyze chemical reactions is one of the important emerging areas of bioorganic chemistry. Of particular interest are the water-soluble hosts with hydrophobic cavities, which mimic these biochemical interactions. Amongst them, cyclodextrins, which are cyclic oligosaccharides, have excited much interest as enzyme models. Cyclodextrins (CDs) catalyze reactions by supramolecular catalysis involving reversible formation of host-guest complexes. Complexation depends on the size, shape and hydrophobicity of the guest molecule. Thus mimicking of biochemical selectivity, which is due to orientation of the substrate by complex formation positioning only certain region for favorable attack, will be superior to chemical selectivity, which involves random attack due to intrinsic reactivity of the substrate at different regions. 

The following work has been undertaken utilizing the concept of biomimetic modeling of chemical reactions involving cyclodextrins for the synthesis and analysis of chiral sensors and developing green and high yielding methodologies for organic synthesis.

CHAPTER-II: CHIRAL DISCRIMINATION STUDIES BY USING CYCLODEXTRIN DERIVATIVES 

Section-A: Chiral recognition of Zolmitriptan by modified cyclodextrins 

Chiral discrimination of drugs and drug intermediates by using cyclodextrins is of great interest because the increasing tendency of drug regulatory authorities the world over insisting on marketing of the single enantiomer drug, especially due to the deleterious effects shown by the other enantiomers. In our study we have attempted the synthesis of pyrrolidinylidenesulfamido-modified cyclodextrins, for enhanced stereoselectivities and higher association constants in the formation of host-guest complexes. 

Zolmitriptan (1) is an oral, selective serotonin receptor agonist. It is used in the acute treatment of migraine and related vascular headaches. (S)-Zolmitriptan being used clinically, the presence of the (R)-antipode, even as an impurity, may alter the clinical profile of S-enantiomer. In the present investigation an attempt has been made for the chiral discrimination of Zolmitriptan with modified cyclodextrins utilizing fluorescence as the signaling option.

The -cyclodextrin (2) and its derivatives mono{6-deoxy-6-{{[(1-methyl pyrrolidin-2-ylidene)amino]sulfonyl} amino}} --cyclodextrin (3) and mono       {6-deoxy-6-{{2-{{[(1-methylpyrrolidin-2-ylidene)amino]sulfonyl}amino}ethyl}  amino}}--cyclodextrin (4) were selected to investigate their inclusion-complexation behaviour with the guest drug R and S-Zolmitriptan (1) (Fig. 1) by using fluorescence as a signaling option. 



The fluorescence spectral titrations were performed in 0.1 M tetra borate buffer (pH = 7.2) at 25 C and the complex association constants (Ks) and enantioselectivity factors () for different complexes were calculated. Complexation of the guest with the host is also explained by 1H NMR study. In the titration experiments by means of fluorescence spectroscopy, the fluorescence intensity of the guest 1 gradually decreases upon the addition of various concentrations of the hosts 2, 3 and 4. The quenching in fluorescence intensity of the guest was maximum with the host 4 followed by 3 and 2. The hosts 3 and 4 discriminated the enantiomers of the guest 1 by different quenching of their fluorescence intensity (Fig. 2). Thus the decrease in fluorescence intensity with the hosts 3 and 4 was higher in the case of (S)-1 than (R)-1. Host 2 did not show any selectivity in the fluorescence quenching.

 
Fig. 2. Fluorescence spectra of a) (R)-1, b) (S)-1 with various concentrations of 3.
 
The association constants (Ks) for these host:guest complexes were evaluated  by using Benesi-Hildebrand equation. The Ks values of the complexes are in the range of 1200 to 45000 M-1. The Ks values are higher in the case of (S)-1 than (R)-1. The enantioselectivity factor () was 2.87 for the guest with 3 and 2.04 for the guest with 4. The inclusion of the spacer and guest drug in to the cyclodextrin cavity and movement of the spacer from the cavity to out side environment were studied by means of 1H NMR spectroscopy.

This method describing a spectrofluorimetric method for the discrimination of the enantiomers of Zolmitriptan in bulk aqueous solution in the presence of modified cyclodextrins was based on the decrease in the fluorescence intensity of Zolmitriptan. The methodology to determine the enantioselectivities is based on the enantiomer discrimination in complex formation, which differs from most of the existing methodologies which depend upon kinetic discrimination. (Helv. Chim. Acta, 2007, 90, 1697)

Section-B: Chiral discrimination of Tolterodine tartrate by modified cyclodextrins 

Since the chiral recognition has attracted more and more attention in the pharmaceutical, medical and biological fields and the study of chiral recognition by supramolecular systems provides a powerful tool for the detailed rationalization of numerous bioprocesses such as drug–protein binding, an attempt was made for the chiral discrimination of the enantiomers of the drug tolterodine tartrate.

(R)-Tolterodine tartrate, (R)-N,N-diisopropyl-3-(2-hydroxy-5-methyl phenyl)-3-phenyl-propanamine L-hydrogen tartrate, is a new, potent and competitive muscarinic receptor antagonist for the treatment of urge incontinence and other symptoms of unstable bladder. The hosts 3 and 4 were examined for their enantiorecognition ability for the enantiomers of Tolterodine tartrate (5) (fig. 3). 



The fluorescence spectral data of the guests in the presence of different compositions of the hosts in 0.1 M tetra borate buffer were evaluated. Both the enantiomers experienced quenching of fluorescence intensity upon addition of various concentrations of the hosts 2, 3 and 4. The quenching in the fluorescence intensity of the (S)-5 of the Tolterodine tartrate was higher than the (R)-5 in the presence of 3 and 4 (Fig. 4). The decrease in fluorescence intensity with these hosts was higher in the case of (S)-5 than (R)-5. The changes of fluorescence intensity induced by the hosts indicated that the hosts and guests have formed host:guest inclusion complexes.


Fig. 4. Fluorescence spectra of a) (R)-5, b) (S)-5 with various concentrations of the host 4.

Enantiomer recognition of these hosts is evaluated in the terms of enantioselectivity factors (=FS/FR) of the guests with 3 and 4. The  values are 1.38 with 3 and 1.43 with 4. For the all host:guest complexes association constants (Ks) have been calculated by using Benesi-Hildebrand equation. The Ks values are in the range of 120 to 1500 M-1. 

This method describes a spectrofluorimetric method for the determination of Tolterodine tartrate in bulk aqueous solution in the presence of modified cyclodextrins based on the decrease in the fluorescence intensity of Tolterodine tartrate. The results indicated that the hosts formed a 1:1 complex with the R and S-enantiomers of Tolterodine tartrate and have shown chiral discrimination by difference in the fluorescence quenching of these enantiomers. (J.Carbohydrate Chem., In Press)

Section-C: Modified cyclodextrins as enantioselective hosts for amino acids 
	
In view of the vast potential of supramolecular systems, the hosts 3 and 4 were attempted for their enantiorecognition ability for the enantiomers of amino acids. Amino acids play central roles both as building blocks of proteins and as intermediates in metabolism.

A systematic study of the hosts 2, 3 and 4 was undertaken for enantiorecognition of the amino acids D/L-phenyl glycine (6), D/L- phenyl alanine (7), D/L-4-hydroxyphenyl glycine (8), D/L-3,4-dihydroxyphenyl alanine (9) and D/L-tryptophane (10) (Fig. 5).



The fluorescence spectral data of the guests in the presence of different compositions of the hosts in 0.1 M tetra borate buffer were evaluated. All the amino acids experienced quenching of fluorescence intensity upon addition of various concentrations of the Hosts 2, 3 and 4. Enantio selectivity in fluorescence quenching was observed with all the amino acids studied. The quenching in the fluorescence intensity of the D-enantiomers was higher than the L-enantiomers of all the amino acids in the presence of 3 and 4 (Fig. 6).

Fig. 6. Fluorescence spectra of a) (L)-10, b) (D)-10 with various concentrations of the   host 3.

To explain the extent of enantiomer recognition of these hosts, enantioselectivity factors (=FD/FL) of the all the guests were calculated. For all the guests studied the value of  is in the range of 1.96 to 1.04. The association constant (Ks) values of the host:guest complexes are in the range of 102 to 104 M-1.

Thus, the modified cyclodextrins 3 and 4 have been applied in the sensing of chiral amino acids showing enantioselective fluorescence quenching. The D-enantiomers of the amino acids are quenched more with all the hosts studied. The difference in fluorescence intensity, enantioselectivity factors and association constants for all the guests may be due to the formation of complexes of different stability by weak forces, such as those involved in the inclusion phenomenon and by non-covalent interactions. (Helv. Chim. Acta, 2008, 91, 753)


CHAPTER-III: SYNTHESIS OF INDOLE DERIVATIVES UNDER SUPRAMOLECULAR CATALYSIS USING -CYCLODEXTRIN IN WATER

Section-A: Supramolecular catalyzed synthesis of 3-indolyl-3-hydroxy oxindoles under neutral conditions in water 

Isatins are familiar for their manifold biological activity and indole fragment is featured widely in a wide variety of biologically active compounds. Some derivatives of isatin are key intermediates in the synthesis of natural products. Isatin and its derivatives possess a reactive keto-carbonyl group that readily undergoes condensation reactions under mild conditions. Different derivatives of isatin have been synthesized to study their bioactivity. Oxindoles are well known amongst these compounds. Oxindoles are useful as antibacterial, anti-inflammatory, laxative, Growth hormone secretagogue and as new targets for cancer chemotherapy. These intermediates are also useful in the synthesis of chiral ligands to get high enantioselectivities in numerous catalytic reactions. 

Inspite of different biological activities associated with various oxindole derivatives, the synthesis of monosubstituted 3-indolyl-3-hydroxy oxindoles by Friedel-Crafts reaction of Indoles with electron deficient carbonyl compounds such as isatins will be one of the synthetically useful transformations since this reaction usually results in 3, 3'-biindolyl oxindoles. Thus, there is need to develop a generally applicable, mild and environmentally benign practical methodology for 3-indolyl-3-hydroxy oxindoles from isatin and indoles under neutral conditions with a recyclable catalyst especially in water for reasons of safety, economy and environmental concerns. This becomes further sophisticated if these reactions can be performed under supramolecular catalysis. We have attempted the synthesis of 3-indolyl-3-hydroxy oxindoles from isatins and indoles by utilizing β-cyclodextrin in water under neutral conditions.

In general, the reactions were carried out by the in situ formation of 1:1 -CD complex with isatin (11) in water followed by the addition of indole (12) and stirring for 1-3 h at 40 0C to give the corresponding products (13) (Scheme 1). The reaction proceeds smoothly with high degree of conversion without the formation of any by products. All the products were characterized by 1H NMR, IR, mass spectroscopy and elemental analysis. A mechanism for supramolecular catalysis was also proposed for the formation of monosubstituted product by complex formation between isatin and β-CD by using 1H NMR.


Thus, it has been demonstrated for the first time, an operationally simple and efficient aqueous phase synthesis of 3-indolyl-3-hydroxy oxindoles by using -cyclodextrin under neutral conditions. -Cyclodextrin, apart from being non-toxic is also considered as metabolically safe. This method is very simple, high yielding and environ friendly. (J. Org. Chem. 2008, 73, 1646.)

Section-B: Friedel-Crafts alkylation of indoles with nitroolefins in the presence of β-cyclodextrin in water under neutral conditions 

Indoles are present in many biologically active and naturally occurring compounds and are also important intermediates for the synthesis of drugs and pharmaceuticals. Many indole alkaloids were synthesized utilizing the increased nucleophilic reactivity of the 3-position of the indole ring. The addition of indoles to electron deficient alkenes which in many respects is considered as Friedel-Crafts reaction, is a reaction of considerable synthetic utility and the adducts resulting from the reaction are key intermediates for the synthesis of many biologically active compounds. However, the synthesis of 3-substituted indoles in the classical methodologies utilized indolylgrignard reagent, whereas the later reports involved either acid or base catalysts. These methods suffer with various disadvantages such as drastic reaction conditions, longer reaction times, lower yields and undesirable side products due to polymerization. Thus, there is need to develop mild and environmentally benign methodology for these high value 3-substitued indoles in water under neutral conditions with a recyclable catalyst. The use of aqueous medium as solvent under neutral conditions reduces the harmful effects of organic solvents and also precludes the use of either acid or base. Though there are reports in aqueous media with Lewis acid catalysts, there is no report under neutral conditions in water. The fundamental problem in performing these reactions in water is that many organic substrates are hydrophobic and are insoluble in water. Therefore, we made an attempt at the Friedel-Crafts synthesis of 3-substituted indoles in water through supramolecular catalysis using -cyclodextrin under neutral conditions    (Scheme 2).

In general, the reactions were carried out by the in situ formation of the -CD complex of the indole in water followed by the addition of nitro olefin and stirring for 1-3 h at 50 0C to give the corresponding products (Scheme 2). Alkylated indoles were formed as single products with high degree of conversion. This methodology is also compatible with various substituted indoles and nitroolefines. All the products were characterized by 1H NMR, IR, mass spectroscopy and elemental analysis. The catalyst -CD can be easily recovered and reused. To see the further application of this reaction, it was also extended to pyrrole. The evidence for this mechanistic approach was deduced from 1H NMR spectroscopy.

Thus, an operationally simple and efficient aqueous phase Friedel-Crafts synthesis of indolyl nitroalkanes and pyrrolyl nitroalkanes has been developed by using -cyclodextrin under neutral conditions. In contrast with the existing methodologies using many acidic and basic catalysts, this method is very simple, high yielding and environ friendly. (Can. J. Chem., In Press)
 
CHAPTER-IV: BIOMIMETIC SYNTHESIS OF N-Cbz PROTECTED AMINES, THIAZOLES AND HALOHYDRINS.

Section-A: Aqueous phase synthesis of Cbz-protected amines and amino acids in the presence of -cyclodextrin
	
Among the widely used protecting groups for amines and amino acids, the benzyloxycarbonyl (Cbz) group is extensively used since it can be easily removed by catalytic hydrogenation. The Cbz group is stable to basic and most aqueous acidic conditions. The reported methods for the protection of amino groups with Cbz have various limitations such as highly basic conditions, organic solvents, water-organic solvent mixtures, elevated temperatures, extended reaction times, tedious work-up, etc. Apart from these limitations, protection of amines in an aqueous medium is still problematic. Organic reactions in aqueous media have recently become a topic of focus in organic synthesis since they overcome the harmful effects of organic solvents and are environmentally benign. We attempted the protection of amines with Cbz-Cl using -cyclodextrin as the catalyst in water at room temperature (Scheme 3).


In general the reactions were carried out by dissolving -cyclodextrin (CD) in water and then adding the amine followed by the addition of Cbz-Cl at room temperature to give the corresponding carbamates in high yields (89-98%). The reactions were rapid with all the amines studied (1-4 min). This method was also compatible with various types of primary and secondary amines. No by-product formation was observed. These reactions did not take place in the absence of CD. All the products were isolated and characterized by 1H-NMR, mass and IR spectroscopy and by comparison with known compounds. The successful protection of amino groups with Cbz prompted us to attempt this reaction with amino acids.

In conclusion, an efficient and simple procedure has been demonstrated under aqueous conditions for the mono protection of amines /amino acids with Cbz-Cl using the inexpensive and recyclable catalyst -cyclodextrin at room temperature. The notable features of this reaction are high yields, short reaction times, clean reaction profiles and operational simplicity. (Tetrahedron Lett. 2006, 47, 6393)

Section-B: Synthesis of thiazoles and aminothiazoles from -keto tosylates under supramolecular catalysis in the presence of β-cyclodextrin in water 

Thiazoles are an important class of compounds with profound interest to medicinal and industrial chemists as compounds bearing the thiazolyl moiety exhibit diverse biological properties like antiglutamate/antiparkinson, antimicrobial, antihypertension, anti-inflammatory, antioxidant and also inhibit enzymes such as aldose reductase, lipoxygenase, acetylcholine esterase, ATPase, and HCV helicase. Heterocycles bearing substrates are particularly desirable structures for screening and are prevalent in drugs that have reached the market place. It seems reasonable to develop green synthetic methodologies for the synthesis of aminothiazoles and thiazoles.

Some of the recent methodology reports for the synthesis of thiazoles involve solid support, DMF and 1,4-dioxane etc. We wish to report a methodology to provide a clean and high-yielding synthesis of thiazoles to overcome the drawbacks like using hazardous solvents, high temperatures, long reaction times and acids to cleave the solid support. The synthetic procedure for thiazoles and amino thiazoles involves phenacyl tosylates at room temperature in water in the presence of cyclodextrin. This is for the first time that we are reporting the synthesis of thiazoles/aminothiazoles from phenacyl tosylates and thioamide/thiourea through supramolecular catalysis using β-cyclodextrin in water (Scheme 4).



The reaction was carried out by the in situ formation of the -CD complex of the phenacyl tosylate in water followed by the addition of thioamide/thiourea and stirring for 2h at room temperature to give the corresponding thiazoles/aminothiazoles in impressive yields (Scheme 1). The reaction proceeds smoothly without the formation of any rearranged products. The catalyst -cyclodextrin can be easily recovered and reused. These reactions do not proceed in the absence of Cyclodextrin. All the products were characterized by 1H NMR, IR, mass spectroscopy and elemental analysis. 

Significant improvements offered by this procedure are: i) Simple operational and mild conditions (room temperature) ii) excellent yields iii) cost efficiency providing recyclability of the catalyst and iv) green aspect avoiding hazardous organic solvents. (Synth. Commun. 2005, 35, 1681).

Section-C: Synthesis of halohydrins by the regioselective ring opening of oxiranes with tetrabutylammonium halide in water in the presence of -cyclodextrin 

Halohydrins are valuable synthons for transformation into ketones and several halogenated marine natural products. These halo derivatives are also widely applicable in industrial processes for the synthesis of drugs, pharmaceuticals, agrochemicals, pigments and photographic materials. Epoxides are frequently opened to form halohydrins by the use of hydrogen halides and hypohalite-water or Lewis acids. These procedures have limitations such as longer reaction times, use of highly acidic, harmful and hygroscopic reagents and are generally associated with by-products such as dihalides and 1,2-diols. In our efforts to develop biomimetic approaches through supramolecular catalysis and also to overcome some of the drawbacks in the synthesis of halohydrins from epoxides, the aqueous phase synthesis of halohydrins was developed from epoxides and tetrabutylammonium halide in the presence of -cyclodextrin in water. Tetrabutylammonium halides have become reagents of choice due to their stability, ease of transport, cost effectiveness and environ-friendly nature.



The reaction was carried out by the in situ formation of the -cyclodextrin complex of the oxirane in water followed by the addition of tetrabutylammonium halides at pH 4 and stirring at room temperature to give the corresponding halohydrins in high yields. The reaction proceeds smoothly at room temperature without the formation of byproducts.

Thus, we have demonstrated, for the first time, a novel and efficient biomimetic conversion of epoxides to halohydrins with the easily accessible epoxides using -cyclodextrin as a catalyst and water as the reaction medium. (Lett. Org. Chem. 2005, 2, 652).
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